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-4INTRODUCTION

The histochemical localization of soluble dehydrogenases poses some
special problems.

Most important of these are the necessity of preventing

movement of the enzyme and of including an intermediate in the coenzyme
reduction of tetrazoles.

Diffusion of the enzyme, reduced cofactor and

reduced intermediate can all contribute to poor localization of the enzymes
(3, 4, 10, 16).
Several methods have been developed to prevent diffusion of the
enzyme: preincubation fixation with methanol-free formaldehyde (3, 4),
addition of polyvinyl alcohol to the incubation medium (1, 2, 10, 14),
and the interposition of a semipermeable membrane between the section
and the medium (16, 18).
The inclusion of an intermediate, e.g. phenazine methosulfate (PMS),
as an electron transfer agent between the reduced cofactor and the
tetrazolium salt, not only contributes to poor localization by its diffusion
but also causes a loss of staining in certain sites, because of the transfer
of electrons from PMS to cytochrome oxidase
salt (6, 12).

bypassing the tetrazolium

The use of cytochrome oxidase inhibitors such as azide

or cyanide may reduce this problem, but such substances can interfere
with the complexing of the PMS and tetrazolium (9).
The use of tetrazolium salts also contributes to poor localization of
dehydrogenases, due to their adsorption by lipoproteins (21) resulting

-5in a nonuniform distribution of tefcrazole in the cells and tissues,

A

possible result of this is the consistent observation that lactic dehydrogenase.
known to be a constituent of nuclei (24, 25), is not demonstrated in nuclei
by the tetrazolium methods.
In this paper an immuno-histochemical method is described for the
localization of the LDH-M subunits using an immuno-peroxidase procedure.
It is not necessary in this method to include an intermediate, cofactor or
tetrazolium salt, and therefore all the problems associated with their
use are avoided.

-6M ATE RIAL AND METHODS

Preparation of tissues:

Tissues from albino rats were cut into slices.

rapidly frozen in freon (chilled with liquid nitrogen) and stored in liquid
nitrogen until used.

Freeze-dried sections, 5-10 p thick were placed on

microscope slides coated with a thin film of rubber cement (Carter,
diluted 1:10 with petroleum ether) to facilitate their manipulation during
the staining procedures.

The sections were exposed to paraformaldehyde

vapor in a dessicator for 1 to 2 minutes.
Reagents: Nitro blue tetrazolium (NET), nicotinamide adenine
dinucleotide (NAD), phenazine methosulfate (PMS), L-lactic acid,
horseradish peroxidase, 3-31 diaminobenzidine tetrachloride (DAB)
•were obtained from Sigma Chemicals,

The rabbit serum anti-monkey

LDH-M4 was prepared and donated by Dr. J. F, Burd (8).

All other

chemicals used were of reagent grade.
Electrophoresis: One ml, of tissue extract (250 mg. of tissue in one
ml. of phosphate buffered saline) was reacted with an equal amount of
the LDH-M antiserum for one hour,

A sample of this preparation was

then applied to a cellulose acetate strip for electrophoresis and stained
for LDH as previously described (17).

Control procedures included:

electrophoresis of samples of the tissue extract reacted with normal
rabbit serum; tissue extract plus phosphate buffered saline (PBS) and
samples of the LDH-M antiserum diluted 1:1 with PBS.

I

-7Tetrazolium staining of LDH:

The freeze-dried and vapor fixed sections

were incubated in a medium containing NAD, PMS, NBT, sodium L-lactate
and phosphate buffer in the concentrations used previously (16),
urea was used for the differential staining of LDH-H subunits.

4 molal
Alternatively

fresh frozen sections were stained using the membrane technique previously
described (16).
Immuno-histochemical procedure: The immuno-peroxidase procedure
used was slightly modified from that used by Nakane and Pierce (20),
The sections were rehydrated in PBS and incubated for 15 minutes in a
1:5 dilution of normal goat serum, followed by the treatment of the sections
with a 1:50 dilution of the rabbit anti-LDH-M serum for a period of 2 hours.
Finally the sections were treated for 30 minutes with a goat anti-rabbit
gamma globulin conjugated to horseradish peroxidase by the method of
Kawaoi and Nakane (15),

Between each serum treatment the sections

were washed with three changes of cold PBS, for 5 minutes each. Controls
for specificity consisted of normal rabbit serum instead of the specific
antiserum and the omission of the peroxidase conjugated serum from the
procedure.

The specific, normal rabbit and the conjugated sera were

adsorbed with 100 mg, of liver powder and 5 mg. of charcoal per each
ml. of diluted serum.

To both normal rabbit and specific sera was added

1% of normal goat serum to decrease non-specific staining (22).

-8~
RESULTS

Electrophoretic patterns: Fig. I -a shows the isoenzyme patterns of
the whole extract of kidney, whereas fig. 1-b shows the pattern of the
kidney extract pretreated with the serum anti-monkey LDH-M,

In the

later, a decrease of the staining of the bands corresponding to the slow
moving isoenzymes which contain r:M,1! subunits is apparent, but a band
of activity remains at the origin.

In addition there is an increase in the

staining of the band which corresponds to the isoenzyme 1 (H^),

A band

of unknown composition is located between the bands of isoenzymes 2 and
3 of the control.

No LDH activity could be detected when the antiserum

alone was electrophoresed.
Staining patterns in muscle: The rat gastrocnemius is a mixed muscle
which contains both red and white types of fibers.

The staining of the

majority of the fibers, white fibers, is inhibited by the presence of 4 molal
urea in the tetrazolium medium for LDH.

In the axial portion of the

muscle a small number of fibers, red fibers, remain active in the presence
of urea (fig. 2).

The use of the immuno-peroxidase method causes a

reversal of this pattern, those fibers which are inhibited by urea are the
most intensely stained and the fibers which are most active with urea stain
little if any (fig. 3).

In the soleus muscle the majority of the fibers are

of the red type and remain active in the presence of urea but they are not
stained with the immuno-peroxidase.

Only a few fibers, which are partially

-9inhibited by urea, are stained by immuno-peroxidase (fig, 4),

The cardiac

muscle which contains primarily LDH-H is not inactivated by urea and at
the same time does not stain with the immuno-peroxidase method.

Using

the immuno-peroxidase procedure all muscle fibers do not stain with the
same intensity, and the nuclei stain with the same intensity observed in
their sarcoplasm.
Immunostaining in kidney: The strongest reaction in the kidney was
observed in the collecting tubules of both medullary rays and medulla
(figs. 5-6).
stained.

At the cellular level both the nucleus and cytoplasm are

In some of the cells the cytoplasm stains more intensely than

the nucleus whereas in other cells the intensity appears to be the same.
There are differences in the intensity of the stain between cells of the
collecting tubules.

The majority of the cells stain intensely but a few

cells are poorly stained.

The latter are found almost exclusively in the

collecting tubules of the medullary rays.

Although the components of the

nephron stain less than the collecting tubules, they do not show appreciable
differences among themselves.

In the convoluted tubules the stain is

concentrated in the nuclei and perinuclear regions (arrows in figs. 5-6),
Immuno staining of peripheral nerve:
between the Schwann cell and the axon.

There is a clear differentiation
The Schwann cell stains more

intensely than the axon, whereas the myelin sheath remains unstained
(figs. 7-8).

Within the Schwann cell both the nucleus and cytoplasm

-10appear to be stained with the same intensity.

In the unmyelinated nerves

the Schwann cell reacts strongly and the axons by comparison do not stain.
There is no differentiation in the pattern observed in muscular, cutaneous or
mixed nerves, in all three both the axon and Schwann cell are stained.

-11DISCUSSION

The antiserum against monkey LDH-M. was found to cross react
with rat LDH-M,

Evidences of this are:

1) the decrease of the intensity

in the staining of the slow moving isoenzymes in the electrophoretic
separation of the kidney extract reacted with the LDH-M antiserum as
compared with that of the kidney extract alone;

2) published immunological

data (8, 13) indicate that vertebrate LDH isoenzymes have common
antigenic determinants;

3) the staining patterns using the immuno-per oxidase

procedure in muscle and kidney generally agree with those observed before
(5, 14, 16) using the tetrazolium method for LDH-M.
In the electrophoresis experiments the intensity of stain in the region
of isoenzyme 1 (H4) was increased when the kidney extract was reacted
with LDH-M antiserum.

This is possibly due to the reassembly of "Hn

monomers which might be liberated from the slower moving isoenzymes when
the LDH-M antibodies are bound to them.

The band of activity at the origin

suggests that the enzyme complexed with antibody retains some activity.
It has been shown in both histochemical staining and biochemical
assays (5, 11, 14, 16) that urea inhibits the LDH isoenzymes which
contain rfMM subunits.

The fact that the patterns observed using the

immuno-peroxidase procedure for LDH-M are the reverse of those stained
with the use of urea in the tetrazolium method is additional evidence that
the immuno-peroxidase procedure here described is valid for the LDH-M

-12iocalization.

The differential staining intensity of the fibers of both

soleus and gastrocnemius muscles suggests that the fibers are stained in
direct proportion to their rrM,f subunit content.
The staining of the nuclei in muscle, kidney and nerve is in agreement
with observations made by Siebert (24) and by Vesell (25) that LDH is a
constituent of both nucleus and cytoplasm.

We were unable to obtain

staining of the nuclei with the tetrazolium method.
The observation that the cells of the collecting tubules stain with
different intensities suggests that they differ in their isoenzyme content.
The frequency and localization of the weakly stained cells with the
immuno-peroxidase method, correspond to that of the dark (intercalated)
cells described by others (19, 23).

Further studies are required to

determine if the isoenzymes found in the dark ceils are rich in the "H'
subunits.

This might be the case since they are rich in mitochondria.

Brody (7) found differences in the isoenzyme patterns of the muscular.
cutaneous and mixed nerves.

Such differences could be due to a difference

in the isoenzyme content of the Schwann cell as compared with the axon.
Samples of the three types of nerves were stained with the immuno-peroxidase
procedure for LDH-M.

The results indicate that there are no differences

in the staining pattern of the three nerves, both Schwann cells and axons
stain.

The fact that the Schwann cells react more strongly than the axons

indicates that at least differences in the amount of LDH-M subunits exist

-13between these structures.

However complementary studies are needed

for the localization of the LDH-H subunits before the histochemicai data
can be adequately correlated with the observations of Brody.
It has been shown that the method described here improves LDH
localization by avoiding the use of diffusible intermediates and tetrazolium
salts and is specific for the localization of the LDH-M subunits.

Since this

method provides a sharp and specific localization, the use of electron
microscopy will be of value in order to demonstrate subcellular localizations.
It is also necessary to develop a similar method for the localization of
BDH-H subunits to determine if sites which do not stain for LDH-M
lack LDH or have high levels of LDH-H subunits.
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-19LEGENDS TO FIGURES

Figure .1

LDH isoenzyme patterns from rat kidney:
extract alone;

A) control, kidney

B} kidney extract treated with serum anti-monkey

ldh-m4.

Figure 2

Rat gastrocnemius stained with the conventional tetrazolium
method plus 4,0 molal urea.

Stained fibers contain predominantly

LDH-H subunits and stain poorly with immuno-peroxidase
(see fig, 3),

Figure 3

X290.

Rat gastrocnemius stained with the immuno-peroxidase
procedure for LDH-M,

The fibers stain according to their

content of LDH-M subunits.

Figure 4

Rat soleus stained with the immuno-peroxidase procedure for
LDH-M,

Figure 5

X290,

Stained fibers contain LADH-M subunits.

X380.

Rat kidney cortex stained with the immuno-peroxidase procedure
for LDH-M subunits.

The dark stained structures correspond

to the collecting tubules (CD).

The small arrows show the

nuclei of both collecting tubules and convoluted tubules (CT).
X450,

Figure 6

Rat kidney medulla stained with the immuno-peroxidase procedure
for LDH-M subunits.

The small arrows show the nuclei of the

SfcERNIER RADCLIFFE MEMORIAL LIBRARY.
LOMA LINDA UNIVERSITY
LOMA LINDA. CALIFORNIA

-20darkly stained collecting tubules (CD) and the lightly stained
thick ascending limbs.

Figure 7

X450.

Rat muscular nerve, stained with the immune-peroxidase
procedure for LDH-M subunits.

Schwann cell cytoplasm

appears as a thick crescent near the nucleus but as a thin
rim around the myelin in other locations.
cells.

Figure 8

A = axons.

P = perineurium.

SC = Schwann

X450.

Rat sciatic nerve stained with the immuno-peroxidase
procedure for LDH-M subunits.
A - axons.

X450.

SC = Schwann cells.
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ABSTRACT

IMMUNO-HISTOCHEMICAL METHOD FOR DEMONSTRATION
OF LACTIC DEHYDROGENASE frMfr SUBUNITS IN RAT
SKELETAL MUSCLE, KIDNEY AND PERIPHERAL NERVE

by LUIS M. BUSTOS-ARANGO

L-n mu no-localization of lactic dehydrogenase (LDH) rrM'‘' subunits
has been achieved using paraformaldehyde vapor phase fixation of
freeze-dried sections.

An antiserum to monkey LDH-M^ was found to

cross react with rat LDH-M subunits.

The fibers of the gastrocnemius

and soleus muscles which are stained using the immuno-peroxidase
procedure do not stain in the presence of 4 M urea in the conventional
method.

In kidney, the collecting tubules are the structures which stain

most intensely with the immuno-peroxidase procedure and in peripheral
nerve both the Schwann cells and axons stain.

The nuclei of muscle fibers.

kidney tubular cells and Schwann cells are clearly stained using the
immuno-peroxidase procedure, whereas they do not stain with the
conventional tetrazolium method for LDH.

